UNCLASSIFIED

\ 295 43

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



- Best
- Available
Copy




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the saild drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



none. 295 432

62-1524

FEATURES OF BUILDING ROADS IN PERMA-FROZEN GROUND REGIONS

By
N. Pusakov

ey

ASTIA

r;“ir""-"'~ TN e,
¥ v
]

!.“‘ Y
UULJQ; loJ L'_,x_",
TISIA L

295432



FTID-TT-_62-1524/1

) UNEDITED ROUGH DRAFT TRANSLATION

FEATURES OF BUILDING ROADS IN PERMA-~

FROZEN GROUND REGIONS
BY: N, Puzakov

English Pages: 8

SOURCE: Russian periodical, Avtomobil'nyye
Dorogi, Nr, 1, 1962, pp 27-28

THIS TRANSLATION 1S A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
COITORIAL COMMENT, STATEMENTS OR THEORIES
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THE POREIGH TECHNOLOGY D{-

VISION.

PREPARED BY:

TRANSLAYION SERVICES BRANCH
FOREION TECHNOLOGY DIYISION
WP-AFB, ONIO.

FTD-TT-_62-1524/1

Date 14 vec.

19 ¢




Features of Building Roads in Ferma-Frozen Ground Regions
by
N, Puzakov

In conformity with the seven year plan for developihg the national economy of
the USSR in meny important economical regions, the territory of which is partially
situated in the zone of perms-frost grounds, it becames necessary to develop auto-
transportation, In this connection conatructors of auto roads in these regions are faced
with the task of solving numerous techniecal problems connected with the local natural
characteristics,

In the Magesdansk region, in Yakutia, in regions of Noril'sk and Vorkuta meny auto—
mobile roads have already been built. The experience of their planning and operation
allows to formulate proper technical instructions for further development of roed con-—
struction under analogous conditions of the North,

As is known, the natural conditions of extreme North and North-East are distinguished
first of all by the rough polar climate (duration of winter 8 - 10 months, air tem—
perature to - 65° snowstorms and winds with a speed of up to 40 m/sec, short rainy
Summer),These climatic characteristics make rosd building very difficult,

Furthermare, for the construction of roads the local geological®dd hydrologicsl
conditions are highly unfavorable, The ice-saturated scils situated not too deep from
the suxface lose their strength during thawing, forming greater and irregular sags,

The presence of impermeable perma-frozen grounds near the surface creates conditions
for the formation of ground pressure superfreeaing waters, During winter time freezing
of the ground these waters come up té the surface in form of ice layers, flooding
roads and artificial installations, In the southern part of these regions is observed

a sharp bulging of the earth and especially pile supports and foundations of small
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arsifi cial installations, In flatland, tundra or bottom lands, and also along mersh
lands and watarsheds and inclined slopes of forest zons it is often impossible to
lay reserves for use of local grounds,

In addition in the mountainous regions of the North and North-East are scattered
gravel=wood or gravelesand and sandy loam grounds, suitable for rosd works,

Finally, to the unfavorable qualities of roed building in the discussed regions

we mist also add the higher cost of road building, connected with specific local con

ditions (distanse from central regions and the limittedness and periodicity of trans
port links, poor industrial base for roed construction, absence of a fixed open pit
installation etce).

Taking under consideration all the enumerated features it is possible to make
the following basic recommendations on the planning and construction of autcomobile
roads under conditions of perma=-frozen grounds,

When laying out an automobile road it is necessary to plan sams if possible over
rocky and skeletal grounds, the thawing of which causes no deformation of the earshen
roadvay.

In intersected and mountainous regions roads should be built over valleys and
over windward sloping inclines, avoiding the bottoms of the slopes, where in the win
ter time snowdrifts do accumlate, Under other conditions being equal roads should be
built over slopes of southern exposure, where there is lesser icing and peatiness
of the grounds,

When building auto-roads over flatlamds it is necessery to avoid sestions with
unfavorable frozen st.te hydrogeological conditions ( with close by deposition of
interred ise, with unstable ice-saturated grounds), as well as sections exposed to snow
drifts and ice formation., When ite is necessary to lay a road near effective ravines,
steep (steeper than 1:5) inclines with ice saturated grounds, when intersecting sec—
tions with formations of ices and bulges, drainageless spaces, hollows in cocherent

and ice-saturated dust like grounds individual planning of measures should be provided,
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in order to assure stability of the earthen roadway of the road against damages, Sec
tions of individual planning should be designated in the period ¢’ preliminary explo-—
rations and thoroughly investigated during engineering- geological explorations,

Preliminary desigmation of sections with underground ice depositions may be real-—-
ized on the basis of aerial photography in scale of 13120000, which well fixes the
polygonal forms of the susface of the tundra, typical for sections with close depo—
sits of underground ice veins.

When making a detailed exploration of sections, requiring individual planning,
frozen-ground photo is made in seale of 115000, Electric exploration can be used
for outlining sections with underground ice,

The earthy roedbed of automobile roads under conditions of spreading perma-frozen
grounds should be built preferably over embankments, The height of the embankment is
determined in relation to the properties and condition of the grounds, with consider.
ation of the effect of constmcti#he embankment un the position of the upper boun—
dary of permafrozen grounds under given hydrological and climatic econditions, and with
consideration of the snowdrifts as well.

In crushed stone grounds, having no ice layers through the entire depth of their
thawing, as well as in less ioy fine grained grounds with humidity of less than 0,6
from point of fluidity ( regardless of their temperature) the earthy roadway can be
planned in accordance with general standards and technical comditions,

In fineegrained grounds, with a humidity of less than 0,8 - 0,9 of the fluidisy
point, and especially in sandy and sandy loam g@rounds, in localities with assured
vater drainage at unstable nature of freeazing, with temperature in the zone of zero
amplitudes of no less than - 2° the earthy roadbed is planned with consideration of
preliminary thawing and drying of grounds of the active layer,

In fine-grained ice-saturated soils with humidity of more than 0,8 of fluidity

point at stable nature of freezing, with temperature in the zone of zero amplitudes

of not more than =3° the earthy roadbed should be planned in embaniments by the
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method of parsiasl prescrvation of soils of the active layer in frozen state without
disturbing the natural contour of the locality., The height of the embankment should
be determined by thermotechnical caleculation with testing for strength, To preserve
the nasural conditions the vegetation layer is not removed, roots are not uprooted,
but cut in level with the ground, Timber and shrubs are cut only along the strip,

designated Adirectly for the earthy roadbed and other installations,

The most widely employed method of constructing roads (auto roads) in regions of
perumafrost grounds is the one, when all structural measured are carried out with con~
sideration of preserving the frozen state. Applicable to this method we are discussing
below a number of most effective measures, recoomended for road builders.

Embankment of draining grounds should be built only in winter time, after partial
freezing of active layer soils, assuring the passing of automobiles. The embankment is
built to full height with layer packings, With the advent of positive temperatures
the job of buildiug the embankment should be discentimied.

When it is necessary to reduce (because of conditions of applying the projected
line) the height of the embankment in comparison with the calculated one it is advis—
able to add to its comstruction heat insulating layers from losel structural materials
( bellows, peas, dust, slag) or replace the unstable dusty bulgy grounds with drain—
age stable grounds. The thicknesa of the replaced layex together with the ambankment
is determined by caloulation, It should be no less than 0,8 m, Over horizontal sec—
tions and slantingslopes with lateral sloping of up to 135 (20%) the height of the
embankmens from the hill side should alsc be no less than 0,8 m ( without grooves),

In fine-grained, ice saturated soils with a capacity of the active layer hy of more
then 1,5 m, and also during the presence in the base of the embankmemt at a depth of
less than 2hy of ! .e veins or burried ice the height of the embankment should be
accepted by the technological calculation, but no leas than 1,3 m with an arrangemens
under the embankment of an insulation layer made up of local little heat conductive

materials ( bellows, dry peat with a thickness of 30 em or pole floor),
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Along sections with interred iee embankmenss are planned with bexrms of 3 meters
in width on each side, 0,6 to 1 m in height to prevent contaat of slopes with daily
surface agninst the effects of melting,

On slopea steeper than 135 the height of the embankment made of draining soils should
be no less then 0,6 me IN this case are necessary ledges with peatemoss insulation;
no gutters are necessary.

In peaty-~hillock full tundras, peat bogs and watersheds embankments should be made
of drainage soils with a height of no leass than 1 m over log floorings.

In swamped sections is recommended preliminary drainage of land reserves by surface
vwater drainage. When building embankments of undrained dust like argillaceocus soil
and sandy loams their permitted humidity (moisture) should be not more than 1,2 of the
optimum; The upper part of the embankment should be builts of skeletal sand loam
not dusty soils wvith a thickness, determinable by calculation, but no less than 0,}

n. Degree of packing the asoil should be no less than 0,9 .

Gaps should be built only in nonsagging stable grounds, Over sections with sub-~
terransan ice gaps are permitted only under conditions of ice deposits above the
planned markings of the borders of the earthy roadbed., Ice in the slopes should be
removed and replaced with drainage soil for a calculated depth, If the econstruction
of gaps in ice-saturated soil cannot be avoided, we speak here about soils which
during thawing turn into liquid state, such earth must be replaced by drainage soil

stable to a depth, determinable by calculation, but no less than 0,8 m from the edge,

with drainage of water from ~=-trough into channels or trays. Cut outs (gaps)
with a depth of -=~-=-= up to 2 m should be built only in open form, Gaps, cutting
through water bearing horizons, should be fenced off by drainage installation or
counter icing installations,

Slopes of embankments and gaps are planned by general NiTU, with the exception
of wet gaps where the slopes should have a foundationof 133. The lower part of slopes

should be reinforoced or covered with thermoinsulation wi th such a eonsideration, that
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there #hould be no increase in active layer under the slopes, Reinforeing of slopes

is necessary immediately after completing the earth piling tasks and after completing
the thermoinsulation layer - in the process of their execution, Obligatory reinforcement
goes for slopes of gaps and embankments, made of clayey grounds, fine and powder like
sands,

Water drainage in skeletal soils is realized by ordinary channels, On sloping sec
tions are built raised gutters, The lower edge of the gutter on sections without the
presence of icicles iz situated not closer than 5 m from the edge of the slanting
gap, and on highly ice saturated soils - not closer than 20 m, In swampy areas, where
under the vegetation layer are situated highly ice saturated soils or ice veins and
interred ice, the building of mountainous water drains is not necessary., In thiz case
vater drainags is providea by the building of a mountain frozen state shaft,placed
not closer than 15 m fram the bottam of the embankment. The slopes of the shaft an
bottan of embankment slope are reinforced with wooden shields on moss. Hei-ht of
the frozen shaft should by no less than 0,7 m, For grecater stability the frozen shaft
is thermoinsulated, and on slopes with a steepnes of 135 in its interior is built
a fencing,

Vater passing mane-made installations along the length of eautamobile roeds are
situated at varicus sections and in lower places by no less than 200-300 m, and along
sloping sections every 100«200 m,

Removal of water from the road should be assured before the earthy roadbed is being
prepered. In the construction of water draining structures operations in stages are
not permitted,

Trough in ice saturated soils, where a greater number of sags can be anticipated,
they should not be situated closer than 20 m from the field edge and their depth
should be minimal, The necessary profile of the troughs in these case is provided
on account of their broadening. Minimum longitudinal tiltings of troughs is accep-

ted at 0.003 - 0.0050
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When planning and building automobile roads by the preliminary thawing method (*opening*)
of frosen ground it is necessary to take a number of additional steps, intended to

speed up the thawing and draining of frozen @ound, To suech measures belong first of

all the comstruction of cut throughs beyond the limits of embankment slopes

and gaps or slopes of troughs at a distanece, equalling the height of trees. In addi-—
tion, by the full width of the earthy roadbed with reserves is removed the moss~-vege
tation layer and roots of trees are uprooted, To trap and drein water ,forming during the
thawing of froaen grounds and during the opening of water bearing horizons, in high

land slopes will be buils deeper raised troughs, drainages, passages, additional drei—
nage channels, filterimg dams,

If preliminary drainage of soil in the base of embankments cannot be done rapidly
then the lower part of the latter should be built of dreinage soils. In rough points
is permitted the laying of a timber floor 12«16 om in diameter,

The height of the embankment built of drainage soil is determined by strength
celculation., If the ground has soft-plastic consistenoy, then the height of the ems

benkment should be no less than 0.4 me
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